Abstract. The amalgamation of polymer and pharmaceutical sciences led to the introduction of polymer in the design and development of drug delivery systems. Polymeric delivery systems are mainly intended to achieve controlled or sustained drug delivery. Polysaccharides fabricated into hydrophilic matrices remain popular biomaterials for controlled-release dosage forms and the most abundant naturally occurring biopolymer is cellulose; so hdroxypropylmethyl cellulose, hydroxypropyl cellulose, microcrystalline cellulose and hydroxyethyl cellulose can be used for production of time controlled delivery systems. Additionally microcrystalline cellulose, sodium carboxymethyl cellulose, hydroxypropylmethyl cellulose, hydroxyethyl cellulose as well as hydroxypropyl cellulose are used to coat tablets. Cellulose acetate phthalate and hydroxymethyl cellulose phthalate are also used for enteric coating of tablets. Targeting of drugs to the colon following oral administration has also been accomplished by using polysaccharides such as hdroxypropylmethyl cellulose and hydroxypropyl cellulose in hydrated form; also they act as binders that swell when hydrated by gastric media and delay absorption. This paper assembles the current knowledge on the structure and chemistry of cellulose, and in the development of innovative cellulose esters and ethers for pharmaceuticals.
Introduction
For many years pharmacists have been employing polymers in every aspect of their work; polystyrene vials, rubber closures, rubber and plastic tubing for injection sets, and polyvinylchloride flexible bags to hold blood and intravenous solutions are all examples of such polymers. The initial use was often restricted to packaging rather than drug delivery. Subsequently, the amalgamation of polymer and pharmaceutical sciences led to the introduction of polymer in the design and development of drug delivery systems.
Drug delivery
Drug delivery is highly innovative in terms of materials to assist delivery, excipients, and technology which allow fast or slow release of drugs. For example analgesics, which often involve as much as five or six tablets a day, can be reduced to a single dose by using appropriate excipients, based on carbohydrate polymers. Polymers are classified in several ways; the simplest classification used for pharmaceutical purposes is into natural and synthetic polymers. Polysaccharides, natural polymers, fabricated into hydrophilic matrices remain popular biomaterials for controlled-release dosage forms and uses of a hydrophilic polymer matrix is one of the most pop-ular approaches in formulating an extended-release dosage forms [1] [2] [3] . This is due to the fact that these formulations are relatively flexible and a well designed system usually gives reproducible release profiles. Since drug release is the process by which a drug leaves a drug product and is subjected to absorption, distribution, metabolism, and excretion (ADME), eventually becoming available for pharmacologic action, hence drug release is described in several ways as follows: a) Immediate release refers to the instantaneous availability of drug for absorption or pharmacologic action in which drug products allow drugs to dissolve with no intention of delaying or prolonging dissolution or absorption of the drug. b) Modified-release dosage forms include both delayed and extended-release drug products. Delayed release is defined as the release of a drug at a time other than immediately following administration, while extended release products are formulated to make the drug available over an extended period after administration. c) Controlled release includes extended-release and pulsatile-release products. Pulsatile release involves the release of finite amounts (or pulses) of drug at distinct intervals that are programmed into the drug product. One of the most commonly used methods of modulating tablet drug release is to include it in a matrix system. The classification of matrix systems is based on matrix structure, release kinetics, controlled release properties (diffusion, erosion, swelling), and the chemical nature and properties of employed materials. Matrix systems are usually classified in three main groups: hydrophilic, inert, and lipidic [4] . In addition, the drug release is a function of many factors, including the chemical nature of the membrane, geometry and its thickness, and the particle surface area of the drug device, the physico-chemical nature of the active substance and the interaction between the membrane and the permeating fluids are also important [5] [6] [7] . In fact, the mechanism probably varies from membrane to membrane, depending on the membrane structure as well as on the nature of the permeating solution. It is believed that several different mechanisms are involved in the drug release through a non-disintegrating polymer coat [8] : a) Permeation through water-filled pores; in this mechanistic model, the release of the drug involves transfer of the dissolved molecule through water-filled pores. The coating membrane is not homogeneous. The pores can be created by the incorporation of leachable components, such as sugars or incompatible watersoluble polymers into the original coating material [9] or can be produced by an appropriate production process. b) Permeation through membrane material; in this mechanism, the release process involves the consecutive process of drug partition between the core formulation and the membrane. The drug molecules are dissolved in the membrane at the inner face of the coat, representing equilibrium between a saturated drug solution and the membrane material. The transport of drug across the coat is then driven by the concentration gradient in the membrane. Outside the membrane, the drug is dissolved in an aqueous environment. c) Osmotic pumping; this release mechanism is driven by a difference in osmotic pressure between the drug solution and the environment outside the formulation. In addition to the above, controlled release of drug from the matrix is dependent on particle size and type of the polymer wetting, polymer hydration, polymer dissolution, and drug: polymer ratio [10] [11] [12] [13] . The hydration rate depends on the nature of the constituents, such as the molecular structure and the degree of substitution. The viscosity of the aqueous solution can be increased by increasing the average molecular weight of the polymer, the concentration of the polymer or decreasing the temperature of the solution [1, 14] . So, the factors associated with polymers, such as molecular weight type (nominal viscosity), concentration, degree of substitution, and particle size [15] [16] [17] [18] [19] [20] [21] [22] ; have been shown to have a significant influence on drug release. For example, in tablet formulations containing hydrophilic polymers like HPMC, the release of active drug is controlled by the rate of formation of a partially hydrated gel layer of the tablet surface formed upon contact with aqueous gastric media following ingestion and the continuous formation of additional gel layers. In addition to this, process variables like method of granulation, amount of binder added during granulation, use of high or low shear mixer, granule size distribution, compression force during tableting, etc., are also important for extended-release [23-33].
Cellulose and cellulosics
Cellulose is the most abundant naturally occurring biopolymer [34, 35] . Various natural fibers such as cotton and higher plants have cellulose as their main constituent [36, 37] . It consists of long chains of anhydro-D-glucopyranose units (AGU) with each cellulose molecule having three hydroxyl groups per AGU, with the exception of the terminal ends ( Figure 1 ). Cellulose is insoluble in water and most common solvents [35] ; the poor solubility is attributed primarily to the strong intramolecular and intermolecular hydrogen bonding between the individual chains [34] . In spite of its poor solubility characteristics, cellulose is used in a wide range of applications including composites, netting, upholstery, coatings, packing, paper, etc. Chemical modification of cellulose is performed to improve process ability and to produce cellulose derivatives (cellulosics) which can be tailored for specific industrial applications [38] . Cellulosics are in general strong, reproducible, recyclable and biocompatible [39] , being used in various biomedical applications such as blood purification membranes and the like. Thus, through derivatization, cellulosics have opened a window of opportunity and have broadened the use of cellulosics. As shown in the molecular structure represented in Figure 1 , the hydroxy groups of β-1,4-glucan cellulose are placed at positions C 2 and C 3 (secondary, equatorial) as well as C 6 (primary). The CH 2 OH side group is arranged in a trans-gauche (t g ) position relative to the O 5 -C 5 and C 4 -C 5 bonds. As a result of the supramolecular structure of cellulose, the solid state is represented by areas of both high order (crystalline) and low order (amorphous). The degree of crystallinity (DP) of cellulose (usually in the range of 40 to 60%) covers a wide range and depends on the origin and pretreatment of the sample ( Table 1 ). The morphology of cellulose has a profound effect on its reactivity, the hydroxyl groups located in the amorphous regions are highly accessible and react readily, whereas those in crystalline regions with close packing and strong interchain bonding can be completely inaccessible [40] . Cellulose that is produced by plants is referred to as native cellulose, which is found in two crystalline forms, cellulose I and cellulose II [41] . Cellulose II, generally occurring in marine algae, is a crystalline form that is formed when cellulose I is treated with aqueous sodium hydroxide [42] [43] [44] . Among the four different crystalline polymorphs cellulose I, II, III, and IV, cellulose I is thermodynamically less stable while cellulose II is the most [45] [46] [47] , and the heating of cellulose III generates cellulose IV crystalline form [48] . Figure 2 shows the transformation of cellulose into its various polymorphs [49] .
Chemical modification of cellulose
The typical modifications of cellulose are esterifications and etherifications at the hydroxyl groups of cellulose. Most water-soluble and organic solvent-soluble cellulose derivatives are prepared by these substitution reactions, and drastic changes in the original properties of cellulose can usually be achieved by these chemical modifications. Others are ionic and radical grafting, acetalation, deoxyhalogenation, and oxidation. Figure 3 shows schematic representation of position in cellulose structure for chemical modifications [38] .
Oxidation
Oxidized celluloses (or oxycelluloses) are water insoluble materials produced by reacting cellulose with an oxidant such as gaseous chlorine, hydrogen peroxide, peracetic acid, chlorine dioxide, nitrogen dioxide (dinitrogen tetraoxide), persulfates, permanganate, dichromate-sulfuric acid, hypochlorous acid, hypohalites or periodates. These oxidized celluloses may contain carboxylic, aldehyde, and/or ketone functionalities, in addition to the hydroxyl groups, depending on the nature of the oxidant and the reaction conditions used in their preparation [50] . It is well known that primary alcohol groups of cellulose are partly converted to carboxyl ones by oxidation with N 2 O 4 in chloroform. Recently a new water-soluble reagent, 2,2,6,6-tetramethylpiperidine-1-oxyl radical (TEMP) can oxidize primary alcohol groups of water soluble polysaccharides such as starch to carboxyl ones with good yields and selectivity in the presences of an oxidizing agent at pH 9-11 [51] . The TEMPO-NaBr-NaClO system was first applied to native cellulose by Chang and Robyt [52] but did not give water-soluble cello-uronic acid. By oxidation of cellulose under various condition and using regenerated and mercerized celluloses as starting materials, small amounts of carboxyl groups were introduced into cellulose by this oxidation and water soluble cellourionic acid sodium salts were obtained [53] . On the other hand, the periodate oxidation is used to prepare dialdehyde cellulose at laboratory levels which proceeded homogeneously in the aqueous solution, and almost completely oxidized dialdehyde cellulose was obtained within 20 h [54] . This dialdehyde cellulose can be oxidized to the corresponding dicarboxyl cellulose with sodium chlorite, or reduced to the corresponding dialcohol cellulose with sodium borohydride [55, 56] .
Microcrystallization
Purified microcrystalline cellulose is partially depolymerized cellulose prepared by treating α-cellulose, obtained as a pulp from fibrous plant material, with mineral acids. The degree of polymerization is typically less than 400. Traditionally, MCC has been prepared from bamboo [57, 58] , wood pulp [59] , viscose rayon [60] and cotton [61] . Attempts have also been made to produce MCC from other sources such as newsprint waste [62] , hosiery waste [63] , and corncobs [64] , as well as from fast-growing plants including sesbania sesban, sroxburghii, crotalaria juncea [65] , bagasse, rice straw, as well as cotton stalks bleached pulps [66] . When cellulose reacts with acid, the β(1-4) glycoside bond is attacked and the acetal linkage is broken resulting in the hydrolysis of the chain, thus the degree of polymerization decreases [67] . On the other hand, oxidizing agents have an impacting effect on the cellulose chain and the hydroxyl groups react to form carbonyl and carboxyl groups. So, the oxidation reaction of cellulose shortens the average length of the cellulose chain and using of HNO 3 or N 2 O 4 , each of which transfer cellulose into MCC with carboxyl groups [68] .
Etherification
The presence of hydroxyl groups readily suggested to chemists that cellulose might be converted to useful derivatives by etherification. This reaction is expressed by the Equation (1):
ROR + R′Cl → ROR′ + HCl (1) alcohol alkylchloride ether hydrogen cloride where R' is an organic radical such as the methyl (CH 3 -), ethyl (C 2 H 5 -), or a more complex structure. The alcohol, ROH, represents one of the three OH groups in an AGU. Cellulose ethers can be prepared by treating alkali cellulose with a number of various reagents including alkyl or aryl halides (or sulfates), alkene oxides, and unsaturated compounds activated by electron-attracting groups. For example methyl and ethylcellulose ethers can be prepared by the action of methyl and ethyl chlorides or methyl and ethyl sulfates, respectively, on cellulose that has been treated with alkali. Purification is accomplished by washing the reaction product with hot water. The degree of methylation or ethylation can be controlled to yield products that vary in their viscosities when they are in solution. If mixed ether such as ethylhydroxyethyl cellulose is to be produced, the two reagents, ethyl chloride and ethylene oxide, can be added either consecutively or as a mixture. The nature of the resultant product is dependent upon the molar ratio of the two etherifying agents (the ratio of the number of molecules of one to the other) and on the method of their addition. Table 2 provides a list of some typical reagents, co-products, and by-products. On the other hand, cellulose ethers of moderate to high molecular weight are insoluble in water. As a rule, as the DS increases, the polymers gradually pass through a stage of solubility in dilute alkali Also, the trend toward organic solvent solubility is gradual and differs for individual ethers. The ionic character of CMC, for example, makes its behavior exceptional. Moreover, the uniformity of substitution along the cellulose chain can have a major influence on solubility [69] . Solubility of some typical cellulose ether is summarized in Table 3 . The ranges of DS cited in these examples are only approximate because solubility is influenced by the distribution of molecular weights of various fractions in a given product and by the extent and uniformity of substitution within particular products or molecular weight fractions. The water-soluble cellulose ethers should not be regarded simply as water-soluble forms of cellulose. The ethers are derivatives of cellulose, containing only a fraction of the original cellulose structure in their molecular make-up [70] .
Esterification
The esterification can be considered as a typical equilibrium reaction in which an alcohol and acid react to form ester and water. Cellulose is esterified with certain acids such as acetic acid, nitric acid, sulfuric acid, and phosphoric acid. A prerequisite is that the acid used can bring about a strong swelling thus penetrating throughout the cellulose structure. Esterification of cellulose to give cellulose trinitrate was discovered by Schonbein in 1846 using a mixture of sulfuric and nitric acids. The resultant compound was so flammable that its first use was as smokeless gunpowder. By the end of the nineteenth century, cellulose nitrates had been prepared with a lower DS, and they could safely be used for other purposes. All cellulose nitrates are prepared by Schonbein's method, in which aqueous slurry of cellulose is reacted with nitric acid in the presence of sulfuric acid. The reaction is in equilibrium and thus the removal of water during the reaction forces the reaction to completion and the relative concentrations of the reacting species determine the ultimate DS [71] . The discovery that cellulose esters could be prepared with organic substituents led to the development of cellulose derivatives that had decreased flammability compared to that of cellulose nitrate. The most important organic ester is cellulose acetate which prepared by the reaction of acetic anhydride with cellulose in the presence of sulfuric acid. Acetic acid is used as the solvent and the reaction is carried out for about 8 h to yield the triester (defined as having a DS greater than 2.75). The derivatives with lower DS values are obtained by the hydrolysis of the triester by hydrochloric acid to yield the desired substitution.
Pharmaceutical uses of cellulose and cellulose derivatives

Oxycellulose
Oxidized cellulose (oxycellulose) is cellulose in which some of the terminal primary alcohol groups of the glucose residues have been converted to car- The oxidized cellulose fabric, such as gauze or cotton, resembles the parent substance; it is insoluble in water and acids but soluble in dilute alkalis. In weakly alkaline solutions, it swells and becomes translucent and gelatinous. When wet with blood, it becomes slightly sticky and swells, forming a dark brown gelatinous mass. So, it is used in various surgical procedures, by direct application to the oozing surface except when used for homeostasis, it is not recommended as a surface dressing for open wounds [72] . The oxidized cellulose product readily disperses in water and forms thixotropic dispersions. Such suspensions/dispersions, which may be optionally combined with other pharmaceutical and cosmetic adjuvants, can be used for producing novel filmforming systems. A wide variety of solid (crystalline or amorphous) and liquid (volatile or non-volatile) acidic, neutral, and basic bioactive compounds can be entrapped/loaded in such systems, thereby producing substantive controlled and/or sustained release formulations, having unique applications in the development of variety of cosmetic, pharmaceutical, agricultural, and consumer products. Topical formulations (cream, lotion, or spray) prepared using the oxidized cellulose material, are bioadhesive, can be applied on the human skin or hair, can be included in cosmetics [73] . Oxidized cellulose dispersion uses in antiacne cream, anti-acne lotion, sunscreen spray, anti-fungal cream also. For using oxidized cellulose as a direct compression excipient Banker and Kumar grounded it and prepared tablets by mixing the ingredients by ratio of 20, 79 and 1% for oxidized cellulose, lactose NF (Fast-Flo), magnesium stearate respectively, each tablet weighed 500 ± 10 mg. The hardness, the disintegration times and water penetration rate were 5.17 kg, 30 sec and 10.49 mg/sec respectively [73] .
Microcrystalline cellulose
Since its introduction in the 1960s, MCC has offered great advantages in the formulation of solid dosage forms, but some characteristics have limited its application, such as relatively low bulk density, moderate flowability, loss of compactibility after wet granulation, and sensitivity to lubricants. Silicification of MCC improves the functionality of MCC with such properties as enhanced density, low moisture content, flowability, lubricity, larger particle size, compactibility and compressibility. Silicified MCC (SMCC) is manufactured by codrying a suspension of MCC particles and colloidal silicon dioxide such that the dried finished product contains 2% colloidal silicon dioxide [74] . Silicon dioxide simply adheres to the surface of MCC and occurs mainly on the surface of MCC particles; only a small amount was detected in the internal regions of the particles. So, SMCC shows higher bulk density than the common types of MCC [75] . Also, tensile strength of compacts of SMCC is greater than that of the respective MCC [76] and it is most probably a consequence of intersurface interactions of silicon dioxide and MCC [77] . Tableting studies have suggested that SMCC has enhanced compactibility, even after wet granulation, and reduced lubricant sensitivity, compared to the regular grade of MCC. For example, Sherwood and Becker [78] have compared the direct-compression tableting performance of SMCC 90 with a regular grade of MCC (Avicel PH102) that has similar particle size and density. They found that, SMCC 90 was 10-40% more compactable than regular MCC in the absence of drug. The SMCC 90 also showed a lower lubricant sensitivity and retained, two to three times the compactibility in tableting of the comparable MCC grade in a blending time study. Also, Guo and Augsburger compared SMCC's performance to that of other excipients commonly used in hard gelatin capsule direct-fill formulations such as anhydrous lactose (direct tableting grade), pregelatinized starch (PGS), and MCC. The study revealed that SMCC exhibited relatively higher compactibility under the low compression force of a donator capsule filling than either PGS or lactose. Products formulated with the SMCC materials exhibited faster dissolution rates than those formulated with PGS and anhydrous lactose when loaded with 5% piroxicam, 30 and 50% acetaminophen. Such higher compactibility and fast dissolution rates suggest that SMCC could be a suitable alternative excipient for direct-fill formulations for hard shell capsules [79] . In another study, comparison of the compaction force versus tablet tensile strength showed that SMCC was approximately 20% more compactible than regular MCC. Stronger tablets manufactured from SMCC were easier to coat further also, the size and weight of individual tablets were decreased, which increases patients' compliance [80] . SMCC possesses further advantages, decreasing the hygroscopicity of the active ingredient (increased stability of tablets). Due to a decreased size, higher compressibility, and better flow properties (lower sensitivity to the rate of tableting); a larger number of tablets in one batch can be achieved, which makes their manufacture substantially cheaper [81] . In contrast to routinely used SMCC, the high-density degree showed further improvement in flow properties and lesser sensitivity to the rate of tableting. Muzíková and Nováková compare the tensile strength and disintegration time of compacts from two types of SMCC, Prosolv SMCC 90, and Proslov HD 90 high density SMCC [82] . The used lubricants were magnesium stearate and sodium stearyl fumarate in a concentration of 0.5%, while ascorbic acid and acetylsalicylic acid in a concentration of 50% were used as active ingredients. They found that; SMCC proved to be better compatible than high density SMCC; the compacts were of higher strength, which was markedly increased with increasing compression force. High density SMCC was more sensitive to additions of lubricants, and a greater decrease in strength was recorded due to the influence of sodium stearyl fumarate. The disintegration time of compacts from high density SMCC without as well as with lubricants was shorter than that of those from SMCC and was increasing with increasing compression force.
Cellulose ether
Cellulose ethers are widely used as important excipients for designing matrix tablets. On contact with water, the cellulose ethers start to swell and the hydrogel layer starts to grow around the dry core of the tablet. The hydrogel presents a diffusional barrier for water molecules penetrating into the polymer matrix and the drug molecules being released [83] [84] [85] [86] [87] .
Sodium carboxymethyl cellulose
It is a low-cost commercial soluble and polyanionic polysaccharide derivative of cellulose that has been employed in medicine, as an emulsifying agent in pharmaceuticals, and in cosmetics [88] . The many important functions provided by this polymer make it a preferred thickener, suspending aid, stabilizer, binder, and film-former in a wide variety of uses. A representative listing of the many applications for NaCMC is given below in Table 4 [89].
In biomedicine it has been employed for preventing postsurgical soft tissue and epidural scar adhesions. Sanino et al. have proposed the use of CMC and HEC-based gels as water absorbents in treating edemas [90] . It can also be used for the therapeutic application of the superoxide dismutase enzyme (SOD), presented as hydrogels of CMC carrying the enzyme for its controlled release [91] . Therapeutic use of SOD enzyme is limited by its fast clearance from the bloodstream and inactivation by its own reaction product, i.e. hydrogen peroxide. The SOD enzyme was adsorbed into the hydrogel for its controlled release, rendering two formulations: SOD-CMC conjugates and SOD-CMC hydrogels [92] . Both formulations were chemically and biologically characterized, the resulting showed that up to 50% of the SOD was released from the SOD-CMC hydrogel after 72 h, indicating a controlled release kinetic [93] . In a double-blind trial in patients suffering from Sjogren's syndrome, a CMC-containing substitute and a glycerine mouthwash used as a control were tested. Nocturnal oral discomfort was the only symptom which was relieved more by the CMCcontaining substitute [94] . And in comparing the lubricating properties of two saliva substitutes, one containing mucin and the other CMC both showed almost the same objective effects, with changed friction values of about 15 min which was more than twice as long as for water. Both water and the two saliva substitutes relieved the symptoms of dry mouth to some extent but they did not have a sufficiently long lasting effect [95] . Also, NaCMC can be used in preparation of semiinterpenetrating polymer network microspheres by using glutaraldehyde as a crosslinker. Ketorolac tromethamine, an anti-inflammatory and analgesic agent, was successfully encapsulated into these microspheres and drug encapsulation of up to 67% was achieved. The diffusion coefficients decreased with increasing crosslinking as well as increasing content of NaCMC in the matrix and in vitro release studies indicated a dependence of release rate on both the extent of crosslinking and the amount of NaCMC used to produce microspheres [96] . Another nonsteroidal anti-inflammatory agent indomethacin, has a short biological half-life of 2.6-11.2 h [97] , the usual oral dosage for adults is 25 or 50 mg, 2 to 3 times a day. Controlled release preparations of this drug are to increase patient compliance and to reduce adverse effects, fluctuation in plasma concentration and dosing frequency. Waree and Garnpimol prepared a complex of chitosan and CMC and crosslinked by glutaraldehyde to control the release of indomethacin from microcapsule [98] . The membrane of microcapsules was formed by electrostatic interaction between positive charged amine on the chitosan chain and the negative charged hydroxyl group on the CMC chain, the concentration of CMC affect on the formability of chitosan-CMC microcapsules [99] . Glutaraldehyde reacted with hydroxyl group in CMC chain to form acetal and reacted with amino group in chitosan to form Schiff base. The crosslinking provided dense and rigid surface of microcapsule and reduced the degree of swelling and the rate of drug release microcapsule. In the drug release study, the mechanism of drug release was prominently diffusion controlled through wall membrane and pore. The release of drug from microcapsule could be governed by optimizing the pH of chitosan solution, the hardening time and the glutaraldehyde content [100] [101] [102] [103] . Esterification of NaCMC with acryloyl chloride improves the swelling properties such as the degree of swelling of the esterified product changes as the pH is varied. At pH 9.4 the swelling % is quite high compared to that at pH 1.4 and 5.4 so; it can be used as a pH responsive polymer for various biomedical applications. Since this polymer swells at high pH and collapses at low pH values so; this polymer can be used in oral delivery, in which the polymer will retard drug release at low pH values in the stomach while releasing the same at high pH values in the small intestine [104] . Hence this polymer can be used for pH-sensitive drug delivery system like asprin, indomethacin, diclofenac etc. in the intestine and as a wound dressing material [105] .
Methylcellulose
MC resembles cotton in appearance and is neutral, odorless, tasteless, and inert. It swells in water and reproduces a clear to opalescent, viscous, colloidal solution and it is insoluble in most of the common organic solvents. However, aqueous solutions of MC can be diluted with ethanol. MC solutions are stable over a wide range of pH (2 to 12) with no apparent change in viscosity. They can be used as bulk laxatives, so it can be used to treat constipation, and in nose drops, ophthalmic preparations, burn preparations ointments, and like preparations. Although MC when used as a bulk laxative takes up water quite uniformly, tablets of MC have caused fecal impaction and intestinal obstruction [72] . As we mention before; it dissolves in cold water but higher DS-values result in lower solubility, because the polar hydroxyl groups are masked so; the expected questions are, how drug works and how it is given? MC absorbs water, which expands in the intestines, when eaten MC is not absorbed by the intestines but passes through the digestive tract undisturbed. It attracts large amounts of water into the colon, producing a softer and bulkier stool so; it is used to treat constipation, diverticulosis, hemorrhoids and irritable bowel syndrome. It should be taken with sufficient amounts of fluid to prevent dehydration. The commons side effect is nausea and the less common side effects are vomiting and cramp [106] . On the other hand, solid dispersion, in which compounds are dispersed into water-soluble carriers, has been generally used to improve the dissolution properties and the bioavailability of drugs that are poorly soluble in water [107] [108] [109] [110] [111] . MC has the hydroxyl group in a structure and is interactive with the carboxylic acid of carboxyvinyl polymer (CP), as well as poly(ethylene oxide) (PEO). Ozeki et al. examined the controlled release of antipyretic phenacetin (PHE) from solid dispersion by the formation of an interpolymer complex between MC and CP. They found that, the rate of PHE release from the solid dispersion granules was lower than from the PHE powder. The PHE release profiles from the solid dispersion granules varied depending on the MC/CP ratio, and the rate of release was the lowest at a MC/CP ratio of 50:50. Also the rate of PHE release decreased as the molecular weight of MC increased. By studying the effect of the molecular weight of MC on the time required to release half of PHE (T 50 ). The T 50 of the MC-CP solid dispersion increased as the molecular weight of the MC increased, and it essentially leveled off when the molecular weight of MC was 180 000 (Figure 4) . So, from this study it is feasible to control the release of PHE from MC-CP polymer solid dispersion granules by modulating complex formation between MC and CP, which can be accomplished by altering the MC/CP ratio and the molecular weight of MC [112] .
Ethylcellulose
It is the non-ionic, pH insensitive cellulose ether and insoluble in water but soluble in many polar organic solvents. It is used as; -A non-swellable, insoluble component in matrix or coating systems. -When water-soluble binders cannot be used in dosage processing because of water sensitivity of the active ingredient, EC is often chosen. -It can be used to coat one or more active ingredients of a tablet to prevent them from reacting with other materials or with one another. -It can prevent discoloration of easily oxidizable substances such as ascorbic acid. -Allowing granulations for easily compressed tablets and other dosage forms. -It can also be used on its own or in combination with water-soluble polymers to prepare sustained release film coatings that are frequently used for the coating of micro-particles, pellets and tablets. In addition to EC, HEC is also non-ionic water-soluble cellulose ether, easily dispersed in cold or hot water to give solutions of varying viscosities and desired properties, yet it is insoluble in organic solvents. It is used as a modified release tablet matrix, a film former and a thickener, stabilizer and suspending agent for oral and topical applications when a non-ionic material is desired. Many researchers like Mura et al. [113] Friedman and Golomb [114] Soskolne et al. [115] have demonstrated the ability of EC to sustain the release of drugs.
Hydroxypropyl cellulose
It is non-ionic water-soluble and pH insensitive cellulose ether. It can be used as thickening agent, tablet binding, modified release and film coating. By using solid dispersions containing a polymer blend, such as HPC and EC, it is possible to precisely control the rate of release of an extremely water soluble drug, such as oxprenolol hydrochloride [116] [117] [118] [119] [120] In this case, the water-soluble HPC swells in water and is trapped in the water-insoluble EC so that the release of the drug is slowed. These studies have shown that there is a linear relationship between the rate of release of the water insoluble drug and its interaction with the polymer [121] [122] [123] . On the other hand, Buccal delivery formulations containing HPC and polyacrylic acid have been in use for many years [124] [125] [126] [127] [128] , with various ratios of the two polymers. Whereas mucoadhesive delivery systems have been reported for several different drugs [129] [130] [131] , there have been only a few reports about their use in the treatment of oral mucosal disorders such as canker sores. Adhesive tablets were prepared by compression molding of mixed powders of crosslinked polyacrylic acid and HPC, absorbed with citrus oil and magnesium salt. Tablets adhere well to the mucosal tissue and gradually erode for 8 h releasing the citrus oil whereas the magnesium is released during a period of 2 h. Both experimental and plain tablets were effective in reducing pain and decreasing healing time without adverse side effects, and the tablets loaded with active agents were more effective [132] . Figure 5 shows a male who had recurrent aphthous stomatitis, with a 7 mm diameter canker sore in the left lip before, during, and after treatment with the mucoadhesive tablet.
To obtain a new biocompatible polymeric materials of high molecular weight with a range of hydrophilic and swelling properties, as well as chemical and mechanical ones [133] hydroxypropyl methacrylate was grafted onto hydroxypropyl starch and HPC by Ce(IV) redox initiation method and crosslinked by different amounts of ethyleneglycol dimethacrylate. The graft copolymers can be considered of great interest as direct compression excipients due to their different chemical structure and composition; they showed differences in viscoelastic properties that revealed an interesting range of possibilities for use in drug delivery formulations [134] . Although no crosslinked polymer was suitable as a direct compression excipient, rheological studies suggested that the use of this kind of graft copolymer in a formulation could improve the controlled release properties. Furthermore, noncrosslinked graft copolymers of hydroxypropyl methacrylate on both hydroxypropyl starch and HPC offer interesting characteristics as controlled release matrices. Gon et al. observed that when excipients were added, performance (compressional and tablet parameters and dissolution tests) of the tablets was negatively affected. Therefore, graft copolymers can stand alone as an effective matrix for tablets designed for drug delivery systems [135] .
Hydroxypropyl methyl cellulose
HPMC is water soluble cellulose ether and it can be used as hydrophilic polymer for the preparation of controlled release tablets. Water penetrates the matrix and hydrating the polymer chains which eventually disentangle from the matrix. Since it is generally recognized that drug release from HPMC matrices follows two mechanisms, drug diffusion through the swelling gel layer and release by matrix erosion of the swollen layer [136] [137] [138] [139] , therefore, quantifying the percent contribution of diffusion and erosion to the overall drug release is important. Several authors [140] [141] [142] time and was found to be a function of the number average molecular weight of the polymer (HPMC). In contrast, by comparing the diffusional release rates of HPMC of different molecular weight, they found that, they were independent of number average molecular weight of the polymers studied. The erosion study indicated that polymer diffusion of the HPMC polymer chains through the aqueous diffusion layer was the rate-limiting step for polymer erosion and in general polymer erosion was found to be inversely related to the polymer number average molecular weight [143] . In addition, surface area/volume is one of the key variables in controlling drug release from HPMC matrix tablets. It can be utilized to duplicate drug release profiles for tablets having different sizes, shapes, and dose levels. Tablets having the same surface area but different surface area/volume values did not result in similar drug release; tablets with larger surface area/volume values had faster release profiles [144] . Another variable in controlling drug release is the viscosity of HPMC. Ifat Katzhendler et al. studied the effect of molecular weight of HPMC on the mechanism of drug release of naproxen sodium (NS) and naproxen (N) [145] . The study showed that matrices composed of various viscosity grades of HPMC are characterized by similar microviscosity values in spite of the difference in their molecular weight. pH measurements revealed that incorporation of N to HPMC matrix led to lower internal pH value inside the hydrated tablet compared with NS. This behavior led to lower solubility of N which dictates its surface erosion mechanism, compared with NS matrix that was characterized by higher internal pH value and higher drug solubility. These properties of HPMC/NS increased chain hydration and stability, and led to drug release by the diffusion mechanism. Also there have been many studies demonstrating that the drug release profile from a hydrophilic matrix tablet is influenced by the viscosity of the gel layer formed due to its polymer hydration [146, 147] . However, little work has been done to study the influence of lot-to-lot apparent viscosity difference on in vitro dissolution. Also, not much has been done to compare the effect of using a single grade of HPMC versus a mixture of two different grades of HPMC on drug release [148] . The current apparent viscosity range specification for HPMC given by the manufacturer is 11,250-21,000 cps [149] and two lots of this polymer may differ widely from each other in terms of apparent viscosity. Khanvilkar et al. studied the effects of a mixture of two different grades of HPMC and apparent viscosity on drug release profiles of extendedrelease matrix tablets. The study showed that lower and higher viscosity grades of HPMC can be mixed uniformly in definite proportions to get the desired apparent viscosity. Incorporating a low viscosity grade of HPMC in the formulation would lead to a significantly shorter t lag (lag time, the time taken by the matrix tablet edges to get hydrated and achieve a state of quasi equilibrium before erosion and the advance of solvent front through the matrix occur) however, it imposes minimal impact on the overall dissolution profile. Also the drug release from an HPMC matrix tablet prepared by dry blend and direct compression approach is independent of tablet hardness, is diffusion-controlled, and depends mostly on the viscosity of the gel layer formed [150] . Moreover by studying the distribution of HPMC within the tablet matrix Ye et al. found that manufacturing process has a significant impact in determining the dissolution characteristics of HPMC matrix tablets. When HPMC matrix tablets were prepared by wet-granulation approach, the tablet hardness, distribution of HPMC within the tablet (intergranular and intragranular), and the amount of water added in the wet granulation step all have a significant impact on dissolution. By incorporating partial amount of HPMC intergranularly in the dry-blend step, drug-release profiles could be made much less sensitive to the manufacturing process [151] . Liu et al. used alginate as the gelling agent in combination with HPMC which acted as a viscosity-enhancing agent in release of gatifloxacin. The rheological behaviors were not affected by the incorporation of gatifloxacin. Both in vitro release and in vivo pre-corneal retention studies indicated that the alginate/HPMC solution retained the drug better than the alginate or HPMC solutions alone. These results demonstrate that the alginate/HPMC mixture can be used as an in situ gelling vehicle to enhance ocular bioavailability and patient compliance [152] .
Owing to the hydration and gel forming properties of HPMC, it can be used to prolong the release of active compound like yahom, yahom is a wellknown traditional remedy/medicine for treatment of nausea, vomiting, flatulent and unconscious in Thailand [153] . The yahom buccal tablet had antimicrobial activities that could be able to cure the oral microbial infection and aid the wound healing but the addition of polyvinyl pyrrolidone (PVP) combined with HPMC could promote the bioadhesive of yahom tablet [154] . Chantana et al. found that, the disintegration time of tablet was longer as the amount of polymer was increased or the higher amount of HPMC was enhanced, while the water sorption and erosion of tablet containing yahom: polymer mixture 50:50, which the polymer mixture containing PVP: HPMC 1:2 was lower than that of tablet containing these polymers at ratio of 1:1 and 2:1 respectively. This indicated that PVP had the higher water sorption and erosion, whereas HPMC could prolong the erosion of tablet. So, the tablet containing yahom 50%, that had the polymer mixture of PVP: HPMC 1:2 was suitable to use as the buccal tablet since it had the low water sorption and erosion [155] . On the other hand, the combination of two or more excipients is frequently used in drug formulation to improve the tableting and release properties of the materials. In addition to the cellulose derivatives, crosslinked high amylose starch (CLA), has been successfully used as a controlled release excipient for the preparation of solid dosage forms [156] . Rahmouni et al. characterized the gel matrix properties of binary mixtures of CLA/ HPMC, and evaluated the effect of incorporated HPMC on the release kinetics of three model drugs of different solubilities such as pseudoephedrine sulfate (very soluble), sodium diclofenac (sparingly soluble), and prednisone (very slightly soluble) [157] . Swelling characteristics and erosion of granulated crosslinked high amylose starch (CLAgr)/ HPMC tablets were found to increase with HPMC concentration and incubation time. The equilibrium swelling and weight loss of CLAgr tablets were reached after 6 h, whereas HPMC tablets continued to swell and erode even after 24 h. HPMC is known to hydrate more rapidly than CLA, and forms a gel layer upon contact with aqueous medium. When the gel layer is sufficiently hydrated, the polymeric network begins to disintegrate and dissolve in the medium, resulting in matrix weight loss. Since CLA is a natural polysaccharide derivative, which does not much differ from HPMC, the same mechanism of hydration and erosion is expected for CLA matrices. However, in this case, extensive swelling is restrained by the physical crosslinks, which limit tablet expansion and disintegration, the limited erosion observed with CLA tablets is probably related to the release of non-crosslinked amylose chains. The drug release experiments revealed that, in the absence of α-amylase, both pseudoephedrine and sodium diclofenac were released more rapidly from CLAgr, CLAgr/HPMC and granulated CLA/HPMC tablets than HPMC matrices. Release of pseudoephedrine and sodium diclofenac was completed in approximately 12 and 22 h, respectively, whereas only 30-35% prednisone was released after 24 h and all three drugs were probably released mainly by diffusion. The addition of α-amylase to the dissolution medium increased substantially the release rate. It has been demonstrated that α-amylase degrades CLA tablets into water-soluble degradation products, resulting in surface tablet erosion which enhances the release kinetics of poorly water soluble drugs [158, 159] . Introducing HPMC into CLA tablets at a concentration of 10% may reduce the enzymatic hydrolysis by slowing down the diffusion of the enzyme in the substrate. However, this decrease in release rate was less significant for highly water soluble drugs, such as pseudoephedrine, which rapidly diffuses out of the matrix. So, swelling and erosion of the matrices increased with HPMC content and incubation time. In addition CLA formed stronger gels than HPMC or CLA/HPMC mixture and the presence of HPMC in CLA tablets at concentration 10% protected CLA against α-amylase hydrolysis and reduced the release rate of poorly and moderately water-soluble drugs. The release of the highly water soluble model drug was rapid both in the presence or absence of HPMC, and occurred mainly by diffusion. In another study the effect of the concentration of HPMC on naproxen release rate was studied, the dissolution results showed that an increased amount of HPMC resulted in reduced drug release. The inclusion of buffers to increase the dissolution and to decrease the gastric irritation of weak acid drugs, such as naproxen in the HPMC matrix tablets enhanced naproxen release. Naproxen is a weak acid, so it is more soluble in alkaline media. The inclusion of sodium bicarbonate and calcium carbonate in the HPMC matrix improved the naproxen dissolution; however, including sodium citrate did not produce any effect on naproxen dissolution [160] . The drug release for extended duration, particularly for highly water-soluble drugs, using a hydrophilic matrix system is restricted due to rapid diffusion of the dissolved drug through the hydrophilic gel network. For such drugs with high water solubility, hydrophobic polymers (waxes) are suitable as matrix forming agents for developing sustainedrelease dosage forms [161] . Hydrophobic polymers provide several advantages, ranging from good stability at varying pH values and moisture levels to well-established safe applications. Tramadol, which is a synthetic opioid of the aminocyclohexanol group, is freely soluble in water and hence judicious selection of release retarding excipients is necessary to achieve a constant in vivo input rate of the drug [162] . Sandip et al. studied the effect of concentration of hydrophilic (HPMC) and hydrophobic polymers (hydrogenated castor oil [HCO] and EC) on the release rate of tramadol [163] . The results showed that hydrophobic matrix tablets resulted in sustained in vitro drug release (>20 h) as compared with hydrophilic matrix tablets (<14 h). Figure 6 depicts the effect of HPMC on the tramadol release from hydrophilic matrices. Increasing the concentration of HPMC in the matrix did not alter the drug release profile significantly. Figure 7 shows the effect of EC on tramadol release from hydrophilic matrix system. The tablets formulations as in Table 5 .
In another study the release kinetic profiles of naproxen (NP) from microcapsule compressed as well as matrix tablets using a combination of water insoluble materials (like bees wax (BW), cetyl alcohol (CA) and stearic acid (SA)) with hydrophilic polymers was investigated. The EC/HPMC combinations, contributing an increase in hydrophilic part of blend system rationally increased the release rate, kinetic constant and diffusion co-efficient thereby whereas HPMC/BW, HPMC/CA and HPMC/SA combinations, contributing an increase in hydrophobic part of the blend system caused a substantial reduction of release [164] . Also, Vueba et al. studied the influence of cellulose ether derivatives on ibuprofen release from matrix tablets formulations containing mixtures of polymers with both low and high viscosity grades MC or HPC, and HPMC, respectively were prepared by a direct compression method using 20, 25, and 30% of either MC or HPC [165] . The results obtained in this study illustrated that both low and high viscosity grade cellulose ether polymers can be mixed uniformly, in different proportions, in order to produce matrices with modulated drug release properties. On the other hand, the swelling experiments showed that the water uptake increases until the Figure 7 . Effect of EC on tramadol release from hydrophilic matrix system prepared by wet granulation as per Table 5 Figure 6. Effect of HPMC on tramadol release from hydrophilic matrix system prepared by wet granulation as per Table 5   Table 5 . Tramadol HCl 200 mg tablet formulations Excipients mg/ Tablet  I  II  III  IV  VI  VII  VIII  IX  Hydrogenated castor oil  0  0  0  0  200  200  200  200  Ethylcellulose  0  0  10  20  0  5  10  20  HPMC K100  150  200  110  110  0  0  0  0  PVP K 90  10  10  10  10  0  0  0  0 low viscosity polymer content reaches 25%. At higher concentrations, the swelling behavior changes drastically, suggesting a gradual degradation of the matrices and the dissolution of ibuprofen from mixtures of MC/HPMC or HPC/HPMC matrices was found to be more effective when either the MC or HPC content was increased.
Cellulose esters
Cellulose acetate phthalate is a partial acetate ester of cellulose that has been reacted with phthalic anhydride. One carboxyl of the phthalic acid is esterified with the cellulose acetate. The finished product contains about 20% acetyl groups and about 35% phthalyl groups. In the acid form, it is soluble in organic solvents and insoluble in water. The salt formed is readily soluble in water. This combination of properties makes it useful in enteric coating of tablets because it is resistant to the acid condition of the stomach but soluble in the more alkaline environment of the intestinal tract [72] .
Conclusions
Chemical modification of cellulose is performed to produce cellulose derivatives (cellulosics) which are in general strong, low cost, reproducible, recyclable and biocompatible, so they can be tailored for pharmaceutical applications. Cellulose derivatives are often used to modify the release of drugs in tablet and capsule formulations and also as tablet binding, thickening and rheology control agents, for film formation, water retention, improving adhesive strength, for suspending and emulsifying. MCC is used as diluent and disintegrating agent for release oral solid dosage. HEC and HPC are used in hydrophilic matrix systems, while EC can be used in hydrophobic matrix system. Also, liquid and semi-solid pharmaceutical dosage forms are important physicochemical systems for medical treatment which require rheological control and stabilizing excipients as essential additives, CMC can be used to adjust the viscosity of syrups. 
